UNIVERSITY OF NEW ENGLAND 


University of NAME: 
New England , 


STUDENT NUMBER: 
UNIT CODE: BCHM430 
PAPER TITLE: Molecular Biology and Functional Genomics 
PAPER NUMBER: _ First and Only 
DATE: Thursday 4 June 2015 TIME: 1:45PM TO 4:00 PM 


TIME ALLOWED: — Two (2) hours and fifteen minutes 


NUMBER OF PAGES IN PAPER: FIVE (5) 
NUMBER OF QUESTIONS ON PAPER: SEVEN (7) 
NUMBER OF QUESTIONS TO BE ANSWERED: FIVE (5) 


STATIONERY 6 PAGE ANSWER BOOKS 0 GENERAL PURPOSE ANSWER SHEET 
PER 


CANDIDATE: 0 GRAPH PAPER SHEETS 0 GEOLOGY SAMPLES 


OTHER AIDS REQUIRED: NIL 
POCKET CALCULATORS PERMITTED: YES (APPROVED MODELS ONLY) 
TEXTBOOKS OR NOTES PERMITTED: NIL 


INSTRUCTIONS FOR CANDIDATES: 
e Candidates MAY NOT start writing until instructed to do so by the supervisor 


e Please pay attention to the announcements and read all instructions carefully before 
commencing the paper 


e Candidates MUST write their name and student number on the top of this page 
e Section A: Question ONE must be answered 

e Section B: Answer TWO (2) of the THREE (3) questions 

e Section C: Answer TWO (2) of the THREE (3) questions 

e Each section is worth 40 marks 


e This examination question paper MUST BE HANDED IN with worked scripts. Failure to do 
so may result in the cancellation of all marks for this examination 


REMEMBER TO WRITE YOUR NAME AND STUDENT NUMBER AT THE TOP OF THIS PAGE 


THE UNIVERSITY CONSIDERS IMPROPER CONDUCT IN EXAMINATIONS TO BE A SERIOUS OFFENCE. 
PENALTIES FOR CHEATING ARE EXCLUSION FROM THE UNIVERSITY FOR ONE YEAR AND/OR CANCELLATION 
OF ANY CREDIT RECEIVED IN THE EXAMINATION FOR THAT UNIT. 


BCHM430 Trimester 1, 2015 


SECTION A (40 marks) 


ALL STUDENTS MUST ANSWER QUESTION ONE IN SECTION A 


SUGGESTED TIME: 40 MINUTES 


QUESTION ONE (40 MARKS) 


A restriction map showing a section of the chromosome from a wild-type bacterium is shown in the 
diagram below. The restriction enzyme sites shown are EcoRI (E) and BamHI (B). This section of the 
chromosome contains a gene, gene Z. The coding region of gene Z is shown as a grey box. The 
transcription start site and transcription termination sites are shown by vertical arrows. The scale is 
1cm=1kb. Scale lines are marked every one cm. Two mutants, mutant A and mutant B, are 
isolated. Mutant A has a deletion, which is marked in dotted lines on the diagram below. Mutant B 
has an insertion of 2 kb at the site shown by the dotted vertical arrow. The diagram also shows the 
sites to which three primers, W, X and Y, anneal, and the region complementary to the probe. The 3’ 
end of the primers is shown as an arrowhead. 
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a) What is the size of the restriction fragments which would be detected if the probe indicated 
on the diagram was used to probe genomic DNA from the wild-type bacterium digested with 
the following enzymes: 

i) EcoRI 
ii) BamHI 
iii) | EcoRl and BamHI together. 


Question 1 is continued on the next page 


b) 


c) 


d) 


f) 


g) 
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What is the size of the restriction fragments which would be detected if the probe indicated 
on the diagram was used to probe genomic DNA from mutant A digested with the following 
enzymes 

i) EcoR! 

ii) BamHl 

iii) | EcoRl and BamHI together. 


What is the size of the restriction fragments which would be detected if the probe indicated 
on the diagram was used to probe genomic DNA from mutant B digested with the following 
enzymes 

i) EcoRI 

ii) BamHI 

iii) | EcoR| and BamHI together. 


RNA was isolated from both the wild type strain and the mutant strains, and used for 
Northern blot analysis. What size bands would be expected if the probe shown in the diagram 
above was used to probe RNA from: 

i) the wild type strain 

ii) mutant A 

iii) mutantB 


Primers W, X and Y were designed, complementary to the regions shown in the diagram. The 


_arrowhead shows the 3’ end of the primers. What size bands would you expect to obtain, 


using genomic DNA from the wild type strain, in long PCR experiments, using the following 
primer pairs: 

i) W and Y 

ii) W and X 

iii) XandyY 


What size band would you expect to obtain, using genomic DNA from mutant A, in long PCR 
experiments using the following primer pairs: 

i) W and Y 

ii) W and X 

iii) XandyY 


What size band would you expect to obtain, using genomic DNA from mutant B, in long PCR 
experiments using the following primer pairs: 

i) W and Y 

ii) W and X 

iii) XandY 
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SECTION B (40 MARKS) 


ANSWER TWO OF THE FOLLOWING THREE QUESTIONS 


SUGGESTED TIME FOR EACH QUESTION: 20 MINUTES 


QUESTION TWO (20 MARKS) 


a. Describe the key features of the plasmid cloning vector pUC18, which you used at the 
intensive school. 


b. You wish to set up a ligation between a plasmid that is 5 kb in size and a fragment of DNA that 
is 2.5 kb in size. The plasmid has been cut in one position by the restriction enzyme Xbal and 
the fragment has Xbal ends. The concentration of the digested plasmid is 5 ng/pL and the 
concentration of the fragment is 3 ng/L. What volume of plasmid and what volume of 
fragment would you used to set up a ligation containing 10 ng of the plasmid vector. 


QUESTION THREE (20 MARKS) 


You are investigating four different yeast mutants that are unable to synthesise the base uracil 
because of a mutation in the URA3 gene. The four mutants have been analysed using Southern, 
northern and western blots. On each blot a wild-type yeast strain (WT) has been included for 
comparison. Note that yeasts are haploid and have only one copy of each gene. For each mutant, 
describe the type of mutation that might have occurred. Give reasons for your answer. 


WT 1 2 WT 1 2 
SOUTHERN NORTHERN WESTERN 


_ QUESTION FOUR (20 MARKS) 


a) Describe the Sanger dideoxy method of DNA sequencing. 


b) Explain what is meant by the term “chromosomal walking” and how this technology is used. 
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SECTION C (40 Marks) 


ANSWER TWO OUT OF THE FOLLOWING THREE QUESTIONS 


SUGGESTED TIME FOR EACH QUESTION: 20 MINUTES 


QUESTION FIVE (20 marks) 


a) Variable number tandem repeats (VNTRs), restriction fragment length polymorphisms 
(RFLPs) and single nucleotide polymorphisms (SNPs) are three different types of molecular 
markers. Define what is meant by each of these three terms. 


b) Choose one of the above types of molecular markers. Describe ONE method that can be 
used to detect that type of molecular marker. 


QUESTION SIX (20 marks) 


a) The following is part of the sequence of a section of bacterial DNA that has been used in an 
automated DNA sequencing reaction. An 20 nucleotide primer that ends in the sequence 
..GACCGTAA 3’0H is added to the reaction along with dideoxynucleotides labelled with 
fluorescent dyes (blue on ddATP, green on ddCTP, red on ddGTP and orange on ddTTP). List 
the sizes and colours of the first TEN products of the sequencing reaction. (Note: the spaces 
included in the sequence are to help you count. They do not really exist.) 


3’......CTGGCATTGC GCTATTACCT TGCTGAAGGC........ 5’ 


b) Upon completion of the sequencing reaction you wish to identify potential genes in this 
region of DNA. Describe the steps that would be taken, and what features you would look 
for in order to identify potential genes. How would this change if the DNA was of eukaryotic 
rather than prokaryotic origin? 


QUESTION SEVEN (20 marks) 


You have discovered a new gene. in Aspergillus. You wish to investigate the function of the protein 
encoded by this gene. 


a) Explain how you could use protein tagging to determine the cellular location of the protein. 
Draw a diagram to illustrate the results you would expect if the protein was a transcription 
factor. 

b) Describe a method that you could use to purify your tagged protein from a culture of 
Aspergillus. In you answer include a diagram illustrating the procedure you would use. 


Please remember - This examination question paper MUST BE HANDED IN. Failure to do so may 
result in the cancellation of all marks for this examination. 


Writing your name and number on the front will help us confirm that your paper has been returned. 


